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(54) GROWTH OF SEMICONDUCTOR 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
growing a semiconductor device which can deteriorate 
such a first nitride family-lll-V compound semiconductor 
layer containing In as a GaInN layer when it is necessary 
to grow a second nitride family-ll-V compound 
semiconductor layer not containing In on the first 
compound semiconductor layer at a growth temperature 
higher than the growth temperature than that of the first 
compound semiconductor layer. 

SOLUTION: In a method for manufacturing a GaN 
semiconductor laser, a growth temperature of a p type 
AIGaN cladding layer 29 and a p type GaN contact layer 
30, which are provided above a GaInN active layer 26 
and which is necessary to be grown at a growth 
temperature higher than that of the active layer, is set to 
be above the growth temperature of the active layer 26 
and below 980°C, e.g. between 930 and 960°C. 
Preferably, prior to growth of the cladding layer 29, an 
underiying layer is previously covered with a p type 
AIGaN cap layer 28 which was grown at a growth 
temperature equal to or lower than the growth 
temperature of the active layer 26. 
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(54) mmo^mi 4Mf#cDd5fetfj* 

(57) [^i^I 

[^H] G a I nNST'^t^'CO I n ^#tf S-ft^^ I I 

smST' I n^^^n^v^stJ(7:5^^b^,^ I I I - vjs^k-g- 

Gain Nffittii 2 6 ±tC^(75^Sra^ J: «9 

2 9:fo^J:t/p5!G a N^i^^^J^i^ 3 0 c7:>^S?ajS«r. 
Ga I nN?S14®2 6 (T^fiScSfESl^Ji 9 8 O^Ji^T. 
;tt^ 9 3 0 — 9 6 O^C^-^-^o ^f^L<fi. pSAlG 
a Ni^ ^ 5^ 2 9 COj^ScSfitrf-, Gain NSItS 2 6 




■.30 (p) pfflo^nryy^'^hJB 
28 (P> pfiAlfiaff ^'^"j^m 

• 25 (n) n3gGaN5iei»tt» 

23(n) Q5GaN3>'^'^h^ 
22 GaS/W^r.S' 
21 cflBif:7r-f 7^e« 



1 

[ft*jsi ] I n^^ts^mit^m I I I -vmt-^^ 
^mff^m±i^ I ni:^^f^\^^mim^. r I I -vmit^ 

±fa I n^-i-^Tii/^M^k^^K I I I -wmM^^^MW^ 

[fe*il2l ±l£ I n^^^T^^tz-^^^h:^^ I I I-V 

tr^ L V ;^ i {£v -c^ffl^s $ n ;t A 

[fi*ig3] ±fSi n^#^n^^/^M^t:^^ I i i-v 

^ I I I - VSlfk-^^l^^sg^^r^cTD^-g^ajgyj-S 6 0"C 
[fS^iS4] ±f£I n^-g-^TiVN^-fk^^^ I I I-V 

®i>ft:-g^#j^^2gf^ili75^Srag* 8 0 0-98 o'cfc-f^ 

[ff^igSl ±iai n^^^/cCl^^^^b^J^ I I I-V 
[IS*«6] ±fEl n^^*7t^/^^^t:«^^I I l-v 

IS^k-a^fe^^flc^COj^Sma* 9 3 0-96 O^tfC^^S 

[fB*:JS 7 ] ±ia I n ^-^tf ^{t«J^ I I I - vJS>ft: 

[fi*JS8l ±iai n^^^/^l/>M^t^^ I I I-V 
[0 0 0 1] 

fetcML. «FfC. Ga I nNgj'^irCOI n ^^^f^^L^I 

^i I i-V]K'fk^fe4^^i^S±{c^e<^j«Staaj:t9t) 
^s^/^^«ra^-e i n^-g-sncv^sijog^fk^^ i i i - v 

So 

[0 0 0 2] 

[t¥5t50Oajff] GaN. AlGaN. Ga I n^fi:E<r> 

mim (-r^ k) ^ i i i -vmit^^^m^w- 
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2 

[0 0 0 3] rco^{t;#i^i I I - vft^k-g-i^iii^^f^rfr 

t^. G a N. A I G a N. Gal n N^^ if fC^ji 

So 

[0 0 0 4] r <^ J: 5 /£G a NS^i5(*^*3R^cOSliS 
10 tCfi. tiOf^(^:^M&«^k^Mffi^:g (MOCVD) & 

(Appl. Phys. Lett. , 48, 353 ( 1986) ^ X Xljpn, J. Appl. Phy 
s.,30,L1620(l99l)) p ^G a N®<7:)^Sg^^ff (Jpn. 
J. Appl. Phys. , 28, L2 1 12 ( 1989) Ho i ti^Jpn. J. AppL Phy 

s., 31, 1139(1992)) ttm^^fh^. sfc. m'&mti. 

TfflV^ei^^Ga I nN^O^SfCti. {gflT'L^i^tTk 
m(D^>t^\, ^^m^^UXh^ r i: tV-C V > 5 (J. E 

lectronic Materials, 21 (2), 157(l992))o ^LT^ rtl. 

bB^CG a N;^^^^V:^^— K^. 4 0 0 nm^CO^^^ 
[0 0 0 5] GaN^4^^flci^-lF^Sti£-t-S7^*fC^ 

[0 0 0 6] ^-f. om^z^r^rmWi^n 

2 ;^;^'^'{c:fo^v^T 1 0 5 O^T'l 0 $>P«mftLl|-t" S r i: 
r<^c®i^>^r^rSS±^cG a N/<?^:7r®^^S^ 

-tt-So ^tc. ^Sigjg^: 1 0 2 0°CtC±#^-t±-7hf^. c 
Ml^>^r-rrSffi±tCnSG a N^iV'i^':^ h®. n^A 
1 G a 7 K®:feit>'n3lG a N^^ffiS^WI^^ 

-^^>^r-rrS«±^CG a l nNStfeig^^:^^-ti:5o ^ 

tc. ^:^rajS^i 0 2 ot:tc±^$-ti:7tS. c®-^^:7;r 

^rS«±^Cpl!G a N^5g^£®. pSAlGaN:^^ 

40 y K;i:fei:t>'pSG a N^^"^^ hM^mikf^L^^^ 

So 

[0 0 0 7] rrT% nSG a N^i^-^iJ^ hS. nSiA 
1 G a Ni^^ Kii. nSG a N)t2S3£Ss pSGaN 
itm^mis pSA 1 G a N^^ ^ K^iaJ:t/pSG a N 
^^^^^ NSco^SrEjS^r 1 0 2 Ot:<t LTi/^ScOfi:, 
a«F?^^iSeStt*^i-SG a N^^^fls:®<75^StCfi:rcO 
SS<7:>iSra;d5SUTv^S;e»^^-CfeSo Ga i nN 
fi&i4®<^^e^t-^SraS^8 0 Ot:tcTffTV^Sco 
ft. Ga I nN<^N<^S?BiEE;i5^«tC:^^< . G a 
50 A 1 G a N<75^SiEJg-C^S 1 0 2 0 t:-Cfi^:^$-t±-S 



3 

[0 0 0 8] 

m'^^mcDmm^ n^^t^^Lt^. -mm.m&scDiS:m^ 
[0 0 0 9] ^<omm^^mi'^<m^m 

Ol/N-r«l?ti£:xiJ^7t^:^. Ga I n NffittMcO^:^^?^ 

[0 0 10] i^±J:i. Ga I n NS^±®co^feMkf-o^/^T 
-C&^;a5, f^«7:e*^^tf:i. I n^^tr^^k^^I I I- 

[0 0 1 1 ] L7^;dSo-C, rc75^?«(7:>@6^jfi. Gain 

NST^fT^'co I n^^t^m\Lm% I I I -vm^fe^^s 

-^co I n^r^tp^^t^!^ I I I 

[0 0 12] 

it^m I I I -vm^t^m^mi^m±\c i n^^^^^v^ 
mimmi I I -vj^fk-g-^j^^^cs^^^g^s^?^^ 

I I -vjs{k^#j^i^^®«c®^^:^ras^. I 

n Sr^tf^-fk^^ I I I -ViK'fk^#l^^ft:jlc^^:g:ra 
Si^±9 8 0"Ci^T^c-f--5i:5fcL7^ri:*«Fm<ti-^ 

[0 0 13] r(7:?^?^{c:(oV>-Cf:i. iffigfcfi, i 

*?:et/>g^k^^ I I i-vmit^m^mv^m^i^^i^^ 
^"^^mz^ I n ^-g'ti'^kfe^ I I i-vmit^^^ 
Mii^m co^s^as ^ l v 7t f± j: ^gv 

t^mitmm i i i - vi^>fk'&«3^!S9s:;i;d5roA i g a 
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(.Mi. r n^-^^Tii/^^^k^^ I I I - v^^k-S-^^^S 

[0 0 14] Z<DWM\C:l^^^Xl±. I n^#^/^i/>^^k 
tr. A I G a N;5^^/£5{^SHgtC J: i<) TMl^O^S^S^^ 

10 ^'^i.^^^fcti. I n^#^/^u>^>fk^3^ I I i-vmit 

- vKfk^fe¥^i?»^<=o^SrEJgi^±9 6 o°Ci^Ttc-r 
[0 0 15] rc;o«^tc:fov>rf±. i n^^t^mit^^. 

I I I - ViSik-g^i^^^^^^/icTi^^feMk^fJSihLoo, I n 

^^^nev>^>(k«j^ I I i--^mit^^^nwm(om:m 

r*l55il:i-Sfca!!>Jc. I n^^^f^^^^mitm^. III- 
V;K^k-g^ife4^^*|s:il<:o^SraS*8 0 0-9 8 O^C. » 
20 Sfct:i9 0 0--9 6 ot:. J: i^^figtctt 9 3 0 — 9 6 0 

[0 0 16] z(D^m^^^^x. mit^^.i ii-vm 
it^m^m^wm\±. m.w^\^\^. a k g a . in^x, 

ytmkutt^^^j:^o :L(r>mi\:m^. I i i-vi^^k^^ 
^^^^e^os-^ I n^^t^^(r><Dmi^^^ to 3, I n 

N®-Cfo9. I xi^^i^fSi^^%^<D(Dm^^^^ to a. N 
A 1 G a Ng^l^^tr-CfeSo 

[0017] z.<D^mK^^^x. mit^^ i i i-vm 
^ffi^s (MocvD) m^m^^^ri^t^. ^^i^-f 

[0018] ±i&(DX 0 Km^^fhtL:L<7:>^m\:ii:fh 
m<Oft$i^\^m^. I n^^trSikfe^ I I i-vs^>(k^ 

«j4^Sft:®<;O^S?ajSii/.±9 8 0"Ci^TfcbTi/>SO 

I n^^t^mtm^. I I I - vK^k-a-^^^flcsi 
I n^^^Tti/^^ik^^ I I I -vmit^m^mwm 
^f&^^^xh. ^<Di n^^t^mitm^.i I i-vm 
40 ^k^^^^«^S;6^?3<^ I nN<^5>»^«i;t5r <t^5-e 

[0019] 

xmm^^m\^f^r^hnmi-^o 
[0 0 2 0] ^(D^m<Dm:mrmK^^'^xmn'i-^m 

tc. Ga I nN?Stt;S<^^S^^-«^«!ia?rfTo;t 

TSl^-rSo rcosig^trfi. ^tL^'tilS 1 ib^J:r/0 2fc 

50 ^^.^ 5 ?:CG a In N/G a N^-S^^FSIiScOZlO 
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[0 0 2 1] mi KTjk^^nA^f^m-f-h^a^. ^t". 
m^^^ L 7t MO C V D aSScoSJi^l'P^ f c c :7 r y 

Xf^Hz <bN2 iO^g-^J^^^rSfcL. l 0 5 O^'CTM 0 

5 3 O^CfdTt^f/^l^. G aJ[^;|s|-i: U-Cco h y 10 
A (TMG a . G a (CHa ) 3 ) ctt/NM^N-cb L 

-ccor>^^^r (NH3 ) ^Sfts=rtfc^i&L. ca#- 

2^^S^^tSo i^f-x Sftt=F^--C0TMGaC7:)«t^^ 

^9 9 Ot^S-Ci^^itTt^. SfS^rttCTMG a:fc<t 

t L-CcOi/^V (S i ) i:W4^\^. i?^ 2 /xmCiOS 

i K— T'COnSG a NS3 4r^S^-^t^o 

[0 0 2 2] 23^:f;:i. SJt:l=F^^COTMG a (D^m^^lt 20 

^:^fajS^7 8 O^Cfcrff;^^. Sffl^f^frTMG 
a*«|&L. nSG a Nil3^»<^S$-ti:^o ^ic^^n 
SGaNilSfi. ^:^?ajg^Ttf^r«1t-TifiC0nSGa 

T^^-tir^nSGa I n NSttJl 4 CO^SHtfffcr CO»V> 
nS!GaN®3^^S$-l±-. nSGaInN^^4* 

rajS^-iE-c^**? 8 O'ttii^J^LfctfeSi-C. RJt:^P^tc 

"^J^ff^) (TEG a . G a (Ca H-, ) 3 ) *5ctt;^ 30 

I nJ^3|Sfi: LTf?:) h y >^y'W>^v^i7i>^ (TM I n. I 
n (CH3 ) 3 ) if:$i^3 nmCOS i K— 7* 

c7:)nS!Ga I nNffitt® 4^^:^^?-&So r^T'. rcO 
nS!G a I nN??^ttjl4(;:5 I nm^ltf^O. 2-CSb5o 

[0 0 2 3] ?SJc(c. r 8 o'cfc^}^ 

^fcfr. G aM^^f^TMG atr-KI'P^;t. 1 0 0 n 

nKDS i K— :7'COnS!GaNjl5*^:g:$-ti:^o 
[0 0 2 4] J^X±tC J: 19 . G a I n N/G a N*— 

F«ia<75^3|sf A^5f^si ^ nso 40 

[0 0 2 51 I^2tC^i-»3^BOf^S*;^ftf^. nUGa 
I nNS1^4^^:^$^fc^lC. ^S)a.g^7 8 Ot: 

tc:^»L;ttt^-c% i?:^? 8 O nmCOS i K-:/onSG 
a Nii5:foJ;t/i?^ 2 0 nm(^S i K— T'i^nSA 1 G 
aN^-^^/7•jg6*ll(i^^fc^e^-d:^ri:*K^^/^T. 
A(?:>f^®:fe-?fei:f5l«-C&^o rr-C\ nMAlGaN^ 
-^i/7'®6<Z)AlM^itfiO. 1 5-Cfe^>o 

[0 0 2 6] JW±coi5fcL'Cf^Si*i^7t«i|s^Aiy<tO! 
^)|£fB«r. MOC VDigS<;?SfS:^F^{-ib^»'^X. NH3 
#!a5C4^T% ?ajS«r 8 0 O^C. 9 0 0t;:fcJ:t;9 9 0°C 50 




0-144612 

6 

tC^X.-Cl^Ffl«S^S$:fTo7^o ^LT. rtl?)CO^;|Sf 
Aib^it/^^B^fflV^T., MM-CnSiG a I n N?§tt^ 
4;e)^^0^^;^-<i?^ h/U^aiJ^L7to ^3ioJ:t>*^4ti 

l^^^i-o l^;^A:foJ:a^^^B<75raS^i, -^^^ 

[0 0 2 7 ] mZic^^XimAX.'O ^ S*)|£fA^5i:a^^£fB 
<t:ti. fiS4 0 0 nmf+fi^C-^^;b5aal$i^5o :Z<7:>$ 

*?^;|sfAtcoi.>rji. ^:)t5Sjgf^S^^stES;a5 9 0 ot: 

9 9 Ot:c75<h^fCttS^^llSircO*^Jl/2 otcj^/>L-cv^ 
$0 *7^L. ^;isfBtcoi/>Tft. -^*34jSfi:f»5aSrEa;65 

[0 0 2 8] m5^^m4A:}sxr:fnnB<D^ytmm<Dm 

fi. NH3 #ffl^1^T% raS^8 0 0*G. 9 0 0t:. 9 
3 0^. 9 6 0lC:foJ:rJ^9 9 0"Ct::^X.Tl^FeafTo 
fzo *7^. ^^5iS<:oai^ti^rl.:foJ:a7 7K (fK^^:^ 

[0029] IS5J:9. ^Ss|'A^oJ:tm3^B i 
mum (T) ;d5ii5< ^£5fro^^Tle^3SJ^;a^«^>L-cv- 

Srag^a^ 9 6 ot:^®^^ <hie^5SJg;i5^Sitc®/>-r 

m'uBM^tm^ 8 o^c t^mA\c^-<xm 2 o'csv^ 

[0 0 3 0] ±^(^ct 5f-»S^Afvitt:-<r^^B<^;^;55 

^^B^Cjol^^TfinSG a N/i5±fCnS!A 1 G a 
^(T^nSA I G a N^-^ y 6 ;65n5!G a I nN 

Si^4coifeNt:^Kii:UTv^^7h*^-cfc5o rr-c% A 

1 G a NtlG a Ni t N(^¥«&IS^£E;i^ii5t/ >r t 

[0 0 3 1 ] ^T, w±(:or<k^H5Si<t urrco^^<?5 
^lOll;ffi?BSitcov^Taal^^So c^com i 
^cjo^/^r^i. rc^lSW^G a N^^^:?^-<;*— K<7:>SJiS 

(0 0 3 2] mB\t:i<Z)mi<^^^f^f^^^i^G aN^. 
[0 0 3 3] ro^i COHSKJF^SlJr iSG a N^lg^^' 
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0 5 o"c-Cc c£i^>^TYrsffil i (Df-— 

1 1 ±f-«S|xl^ 5 3 0"C60^:^fEJgT'^J^t^/?$ 2 5 n 
mC^G a N^<5/^zil 1 2^^S$-ct5o iSfcf-. 
JS^^Jxf^f 9 9 0°CfC±#$-ti:7t^. Z(DG aNy<'y:7 
rM 1 2±fC^l;t(:fJ?:^ 3 AmCOnSG a 1 3^^ 

»l/>nS!G a Nil 1 3 . M;tf:f/p:$ 3 nmCDO a I 
nN??H±ii 1 4:foiC;^l;tf^/?:S 2 O nm(7:)p®A 1 G 
a N^-^^/r® 1 5^IIlSg^^:g:^-ttSo rrr%GaI 
nNSt^ 1 I nm^itf-i^JxfiO. 2. pSiAl 
GaN^-^i^rSl 5(^A 1 m^SitJ^i^jKlt^O. 1 5 
fc^o 2fcf-. ^SraK^^Jx.ti9 3 o"C^t?Ji#$i±-7t 

Wt.m^^-tm^l, 5 /im(7:?pSG a 1 6 ^^S^ 

Fsl-C&^o n^G a Nil 1 3(7)nS!^^#»<b U 

Tfifi^J^f^ S i ^<D K— K t LTti^lxf^ 

S i H* ^ffll/^So :^7t. pSA 1 G a N=^^ s/:7*ii 1 
S^DiO^p^G a N® 1 6(^pS:^M^ (r:^^-fe7'^^ 

P2 Mg) ^m^^^o ^<r>m. pSI^M^^^Sft^tcDTt 
'^J^f^. Na #S^4'tc:foU>T8 0 Ot:-Cl 0 5> 

[0 0 3 4] ftfc. mmt.^^^^t^^ mM<^^<^~^ 

>if^nofzm. pS!g a Nil 1 eifrp-MSfli^B^ 

h ^-^^ G a Nm^yty^:t~' K^SiSi-^o 

[0 0 3 5] 0 8ti. rcoj: 5^CLT®]t^ctL7tG a N 

*^^i"o laStCJ^. itgSCOThabtC. p^GaN®! 6 

S^cC^GaNS^^e:^^^;^— K (K3|sfD) ^SJiSL. r 

-To 

[0 0 3 6] ma pSG a Nil 1 6 4:9 3 0"C(^ 

^SraST'^S^^/t^CCQ^^g^Sfi:. p^GaN 
S 1 6 ^ 9 9 0"CCOj^S?aSr-^:^^ ^7tW3|£fD(Clt-< 

[0 0 3 7] jt^±(Dj:5fc. r(7>|gi(75||ffifl5Si^cj:ix 

t:f. Gal nNtS^t^l 4:fo<tt5pSAl G a N=^-^ :y 
^•^1 5±fCJ5gS^'^SpSGaN® 1 6C0j*S?ag^ 
9 3 0t:<k L-Ct/^^CO-C. G a I n NSi±® 1 4;5^?)CO 

Ga I nNSitill 4 7^^^ CD?5^3SjK<305e^t^B5JLhi-^» 
r<t;d5r-#So ^T^c. p5!G a Nil 1 6^J«:^^-^5>mr 
{cr«l*S^p5!A 1 G a N^^^y^m 1 5{Cj: i^So 
X^^^COX\ Ga I nNf^ttil 1 4C7:>^feMb^ct'9-W5!)(C 
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^±i'^Ztifi^X'^. G a I nNgtt® 1 4t^^<D^yt 

ioT. iSa^. Stti;^COG a N^^^^-r;^— K^H 

[0 0 3 8] gfetc, r^7?«§^OB2 0||Jfe?i5^^co^.^-C 
Si^-r^o r<75^2cO||iEfl5^Jc:fci/^-C^t. r<75^0^^ 
G a NS4^?§(*:i^-f-'<7:)SJiSfCigffl Lfc^-^fCOV ^rSft 
mi-^o w^G a N2^4^^frU-f-'tt, SCH (Separa 
te Confinement Heterostructure) tJfiS^r'^"^"^ tiO'C 
10 &5o 

[0 0 3 9] m9'f±z<Dm2<7:>mmwm^cx^G aN^. 
^m-i^\^'-^^(DSi'i&jjm^^m-r^tz.ib<Dmmmx'h 

So -^T^^ lai otiri<75^2<;?l^jffi?f5Sitcjott'5^S'> 

[0 0 4 0] :i<:0M2C0|?JfB?f^^tCj:-5GaN^^^* 
i5^-s ^^A:fo'J:t/f*)|sfBC0f^Si<7>:©-g'i:l^;^ 

tcLT. '^Jx.fxi 0 5 o't:r'cSf-y^r-rrs«2 lo 

20 S«2 1 itC^Jxti 5 3 OtOJ55c:^raST''^J^^^iS$ 2 
5 nm<?5G a N^<i^>'r® 2 2 4:^:S$-^irSo ftt-. ^ 
:^rajS^^Jx.fx9 9 0't:tC±#$'t±-7tf^. rcOGaN^< 
5^ :7 7-jl2 2±^CM;tf:fi?^ 3 ^nK^nSlG a N=i>^^ 
^ hm2 3. m^^-fU^i^O, 5 /imcOnSiA I G a NiJ^ 
y >y h'm2 4*5j:t5^Jxf^i?$ 0, l ;im<^nSJG a N 

^^7 8 OX:{CT^ftm^ m^n^G aNt/t^mm2 5. 
^Jxf^I?^ 3 iiin<7>G a I n N?5ttS 2 6, m^^-fm^ 

0 . 1 AimCOpSJG a N^aSffi® 2 7 J: TJ^] ^ J? $ 
30 2 0 nm(7:>pl!A 1 G a N^^ J^:?*® 2 8 ^m0:^^^ 

■ttSo ^Sfag^^Jx.t^9 3 ot:^T-±#^-tt7t 

m^l^m^ 0.^ 5 ximCOpSA 1 G a N^ 7 i/ Kg 
2 9:Jb"J:a*^XfZ/?$ 0. 5 ;i m<^pllG a N=i V^J^^?- 
h®3 O^«I0t:^S^F^So :::iT% nSiAlGaNi^^ 
^:/K®24. pHA 1 G a N^^-V i^:^'® 2 8*Sit5p 
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